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hmrn ti wmmmim mm «t fmimm* fbit tmrne vm*f^ 
of  ^$lwwieetiHmMaB«tw* nwiiniwiiii islroiMii m tUMMmO, mm im 
Vmm A6l*iw. MX* mii meUMm of viMiiffii x«t«t mni tnowitioB 
aiiBiii ItlHili iWHrfwl w ISeee 'tiui '**»**'*mmatuwitiM 
«f l^ te# ieni# Xi «II;L Iw $m  ^iMUm to tin* nwk tlMl X»16«|ii>niHi» 
liaraiUyMi cMft lMi "tiltlllnifl *10 MflMttiiiMt #HlMndJM lamiMi —**>***'*til (ti ot 
Ijran iM <6llfy*t*B> flKMillHI *HI( iMti*fc!l<RlS* 
f. fwq^owi of tkU VMrlc 
ite of MMiltwaUt Qtt tlio ?«9otit^  is t,ia III ylMUMiiilhyrtl t, m 
lo %0 iiiilty sBsilsfljIidUULo lAuMnMlwp of i^w *4*6 idllsHNiiwi* y*** 
ofHwiit "toB "yTprfviit^ to tvlMji!  ^18w ftiMii^oa mdMHi of A iwoHAoMMMi MVIoo 
 ^i^ Mbilwi ^ iwli AtihDii' onljr ia I^ hUp oSMilBrai j^ffiiflfftmf fitHUfitgrr # y^i> 
wjgHigliAjgi lyMii aangteHik. 14 im gMMaHM 
Tt1lt1,lffl|f*** ?•** libtlffOi'iWP OB XllMI of A tft/Htljf of too 
IdyMII^ OO of iteWilKlOll fMf*  ^i||KI 3k#3S f^lWI*8flflh8?03UUWI OOMn 
]f?T*lTt %B of islMinMfl^  M% Oasls^  %0 OWlWOft too tliWAllnOMI  ^ lei-
<Mfi%'iffi siHti9FWL*tiL iwQposniil^UHuif twrtt otiw in ito WAWOISMI 
audkJl MUM MMUh^yihtC JMUUM ^t^Hk Adfakltf M 4|gM|Mg|A||| MUIHAK  ^JiUlt jnftsMik V « I wMI MnMfMr wT <flWlS8*IWI nHMiVM9W 211 IpHt WHW IHU XMM'IAMr Q* Wi <HWi3L|X* J ^ 
Ix^XX) «Bft -mmMw^Wr} «lto X,iJS^-0mmsiiilim^LSm 
•^fyi^aHiMi 1^1 ?Hllt1rW*-li ***y MNI 0|*6i06. MA OOVPWOllii 
IS6ww$oi#i sawit *iiftff •i«*^ (H"^ i§i(i 0000 omowdl inrfftitlio of tyNtihogiBi ion 
eeomw»r«S4o» m tlt,M*-^ iAnriMSm foooteUoo into iMn i^Z) ^88 ,^ 3}* 9m 
 ^Oflool 00 too «lOiwl(Il)»l,3d8-s6eeeiSluroMiie iQri^ o» i* 
toflEWuMsr otei^ oA onft o roomill 1 nil iMiMijUBi io mriWDOiod fOv iMVto too 
Mtoi^ dZ} out ixoi^ IX) igwlMMi. A iwoiiloiiit of toio l^ iTOflift ion ^ ffOol 
k 
is «id8?®*3y ijjpGirtMQSt ******* sdigytlng tot piXxsedmrBSe 
B. l;X0-IfMH3aixtibjrolise Su)Mitittu»(to 
fbe effect of seems* etANitltuted fear hydbrogea la 1,10-i^im&> 
tlurol4.ae Bio3«cale any l>e twa-f^sXd In regard to the reftetlaa of I^IX)-
j^ioaxiyxr^fie vitlx astftlUc icme. Sutetltotlon of ero^pt ia poeltKau 
ianediate^ly •iid4aonxt to 1»ondiag aitroseaa, «• ia mm 2 and $ poti-
tloat;, vlll frefyunotly lead to sterie hladrauuse ia ita re«etioa til'^  
oetellie i<»». tMa anzmer grMtffir ifpeeifieiV  ^ ota oemir 
a« vitli 2,9-4iJwtl]3rl-3.;,10 sfaeaaothroUxMi vhicsh rcwete vitli 90§sw{Xl), 
Imt iroQ(I3:) (^}. Qie ot^r effect of g«dMtlttieats ia fhema^iro-
Uae i« to eleetroa donetiae capedl^ of the ring aitro^iat 
aad beaos effeet the eti^iXitr ot tiae X,10*pl>eaaiaitliroline ooqpl«n»«. 
Si^titbtioa la iSm 9 poeitioa ereatet ao ateric effeete, ^ag veil &> 
wtar tran teadlag nitrogana, liut can alter the naeliMigiilllc ducemcter 
of lam&Uag aitrogens. Hhia veak la Halted to a atii  ^ ^-aetii^l-X, 
10~]^hktoastim>llBe, g~aitro»l>10'^ tw>iwmitt>rollae aad lAO-$iaeBaa*hr<aiae, 
il^lf. Axit as tluMHi M£bttit«wata affaet tbe etia»iXl'^  of the ccm-
plcaeaa -wiish wtaX iox»  ^ i^ae^ wcnOd alao "be cigNieted to have tone effect 
oa tOM reectioa r«tee of tlbme i^s^yt«ae i^iic  ^proceed ftt aMMuiurft1»Xe rate*. 
3a cix^er to a)i|?are these rate electa, it ia aeotMarsr to have 9am 
ammmi of mcleophilic diaracter of theae dMtlatea. She ytJaxs of 
tbe aeid diaaociatioa ooaataat of the l^lO-pfcenaathroliiim ioa terrea 
aa a aeasuriag device of the mclec^phille c^uoraeter of each l^ia-fheaaa-
tbroliae. Sieae values  ^ from tbe viOTk of Biwodt aad GuUstroa (8), are 
givea ia £ri9le X, 
5 
1 
Add MttocUtion Cosstttota of lAO-lbeoAathroXlnM 
SidMtltu«at 
SOg 5.57 
CI k.s6 
1 k.96 
CHj 5.23 
Jam*] 
E. B«vl«ir a»& Con'^ radlotioxui of S^netlc Sbeorles 
flMft rea^iom in toXuticm iMrtimen awtal iom and eoordiantiog g/eoas* 
ar« substituticm reaetlozai ulth tha displa^aMmt of nmtwr fr<at tOM 
SMital iOQ. la eoiuiid«ring aetal loss of eoardimtioii ]»ai»e7 »iX; fknalte 
i3^) to UM the 3Q£8BencXetuz« of iaoer oz^itel and outer orMtal 
ecB^lmsm rtMust -Utaa eovalezrts aod ioale eoayleaeea. An limer orl»ital 
ecnipl  ^ in tlw flrat trassition seriea la of the t3!P« 5d%s% ,^ uliile aa 
caiter orMtal coBplex utilize* the i»-a4-p^® oi%itala. Bmeent calaila 
tioiM |12) of the ha^idisaticm lesda augpiport to thia definition 
ahoving these c»1iital4i eaopecially suitable for hi#ly eleetronei^tive 
Uganda, fbe cwcter ogc^ital coiq^lexea, ndth tlw exoc^ion of eeietral ieHaa 
of vezy elwrea> such as, Sfg and FTg, react ]^nftetieally iastaa-
tasamsml^ and are Iwraed laSiile. 
Aecordisg to Sauibe the inner orMM coHiplexes haw two dlstinet 
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mmrn-mHk iamt wSxm* mm woUamm wui •Mtlywft wiiA jwilfKtt 
4^ 1|9m %Imi wmAi vwi Mtan • kliiitdlc tlhflf y n 
Shtt 1IWiSilMll(SV'} WHM JKMpMHlA iKfMI 9IIGM iWMllMii $W(ti8ElAl 
ii%iA umi SiA iJPJfSloiJyUHrill iaI MMMdMi inMMlAKtft<i fMI ISh# 
inrilJJMiiilMNlA lA INriyMi liyteWElill Mlft WmtB' WCAM ItiMt. fftSNSmMt" 
itt IMKUI* StitidtibWB VHI idS^lBNdlSWNI IMI inNMiftUHl(.SI^  ^ f i^pwtvn* 
iMNPtel fiMPMdl IttMl iAHMMNHI MP inMAI>1Hi(3QQC)« 9MI 
fjflfllfll'fH UMl tllSilNi(l 'IBHAMC Sl'teE<6PWe Wttt 'WMI (HMlSii4Mlil HilSl 
10 
m. BxemCn) «iBr m i>io*im!M»EBasLi»s 
A. S^Qfterodttctioa 
Altlioy#! tiw eoqEil&SMt iMtween ai.cikel(n) aa& l^lD-pImaal^igrolixie 
have iMNin tooum for a long tine, so overall etoa  ^of kliwtiCB or 
e^lllxrim ecmttaafea of Um lurm "bma ande. £a 1^, m«it (^} 
reported tbe foaemtion of a iii^l(n)-lA0"PiMz»u9rt^aroliae «o& 
tfelffer aad ^E^S^ersiaa (]S@} called att^itioa to tbe ooo^lex agaia lis 
1933' Sbortly' etUsrmril^, Cm^i and CagiuuMO (11) SHmsured  ^m^gaetic 
suscM^ibilil^ of tlie trl0(ljlO>|ditt]3astltrolli»)alokel(lX) ecaplex; find-
la  ^it to pax^sMMptetic. T(»%ii2r|^  and Cooper (^) wesre fld»le to alioir 
• t o e  o f  g j f t n O " ;  b l a -  i » ( l  _  1  f l - p h # > r i ^ n f f e l M i ^ ' l T p f )  
eoiss^littBss acpeetarc^iiotomstrie iq^ioatioai of aethod of con-
timoua varlaticm. In «dditl<m to tmsasf tri8(lAO-pl3ttmutxltocaiiie)iiielEel(ll) 
salts (7); tdb«re have 'been a amiMr of reports (31, 32) of the prepara-
ticm of M8(l,ajO-]^be»aa$hroMm)Mciciel(XZ) aaltS; «a«h as 
£«(«i)2(agO)glClg.^ O and Csi(Hi)g(^0)giCciO^J2'  ^wJ^taaoe 
Cmilt(]i^Q)|^ |{eijOj|^ )g has also Tmtn dieserlh<»& T»x^ its preparation has 
heen ^pestlcm^a. (3L)- Bossell., V<M(liur|^  aad Coqpw (33) fooad t^t all 
of ^ 1^10-;^Mffiia[l!hrollxie>nlok^ eonploKes are parsBO^tiCj tOae 
aagaetio wams^ decrying sli^t3i{Sr m the coordinating reag»xt Is added. 
reso3jtiticm of tim tns(1^10-phena9a6hrQllne)nlclEel(ZZ) eoiqplex by 
IBv^r aad C^arfas (ifr) Illustrated its hi# staihilltsr. Savis aad I)ii3«r 
(13) ri^<srt  ^trcm. a private eonainloatlon vlth Qunstone aad MsU  ^ that 
the p« of the trls(l,lS-jaseasJ3throliae)nl<^(n) coaplex Is l3.3. *h«e 
IS»Cffi.'*^3Cl!43^/ Shis V93m has heen in the literature ever 

12 
!• <Bliwwgmtle, iMlesiiag yeemdtiy oi4^iuti« 
tfomrnm of «b «lMtiraa tmir to tlM 9» fte fettaljM 
of laMi ^ fXMteKMMi le fcdgwr (MgpMrtt* ^  
fMt IM ^  mtflXm KM iDT cdiloriB» to « w^ia^oa 
•iHdMi iiiedteiX. 
Zb Hm falXMlag iioirli it is yravwA tlMt idJL of Ite »itieil.(ZSi-l>ie-
zwwld,<Mi8 jam iflw-
flM 7Mietii»»'«r« «ritU« nitk Hm anrtc eeestee  ^ tiiliiitM «• 
titoni iB ifuMKlffiM mA |5}< 
» •» -r*^ W» U1 
mib^^iii iiiiC |2J 
mmi '^¥Wk T  ^ itii^*' I3l 
*54 
jSMI 49WvMMt X9 ^MSSItinHUiJLijr €HKMBLXMMlL 
vltk MttHHMSfc to its Mjte ttiflL fiKwrtiTfta Ahi (rfftiefc &t tsfUbeoam 
i«a iMMMNn^bmy«a mi IdM IdaiAiM is 4hMllt miAt «t Jb«ngtii. 9w «o»» 
-| ^ -y%tinwiff¥!iir'*1l i nff swA -1 XO |>lisiniiitllii o11 iw 
snt siiss stiiSis4 mA Itihs sJCPist of ^jhs- y,.< a <flHBNMtsr chT tiMi 
ttitroftM oa tte »t» eg x^MMitimi is mumlmti.. Xstiiwiws «r« m4s of 
 ^anitss  ^ftc»aaiiiiitt of His- mA tgis(l JyO fiMwiiaflrta^ 
«9iv3saBMi* l |^|iliillHrlMl MourtMiits fnr iOl tlurss «r IAm aiidw3L(Xt}-X#10-
elheesHliartilies <msb1ssmi svs slss <Hi34nlsi)MNl* 
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MBt'jiaiMfct iItifl IMHIIF ijit In. .]Mug|UU|M|r mmiliU^ 4|iU| n^flia^LltZllI 
IMA Idrii fv^Mk liiv 4ili%iiljMriL I# sfptu CMQM& MNMnc* 3Bi y^fii 
IvWp jMNnnMHIKlM iB||piP|p|BIPl»Qw Q9€MISMMP iMPil fRHHPHMplMMir MX InPRIpMM* WP 
db6WI« flMIMIliNMMIi* UMI  ^ tTifflllllWI Vitei ill ilMMHPfWft. OVlSf • jjliri lllilllll j 
MMKS  ^ftsMlliiMi Wt IdHI IMNdL INlMl^UMl %iM§ Ml ^Hnj^f. ^Mi 4titiW|WKUB61ilB ttP 
•i#B(l#3S«^lllww^lflhPriyu*^]Ndiitti(tiM[jEl3i MQT )MI As JNIIM 
it laMtt Ml fj^SMii 
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tu] 
Mt Im MMli llffeMf< MMrttilMi SMiyuliMI lil Sillt JwHl fiitt **«•••»'*. 
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tion atyiSiea for aecurate evaXiiation of r and a. Ho«nrv«r, it aay also he 
&ie to the formation ahove 0.^  xoolar acid of a atahXe oqi^«x betWMn 
iK>no(l,10<phftD£U3t!adrolias}nickel(Z2} and hs^drogen ion« Xt vas ohaerved in 
the diaaoeiatioa reactions Idiat an igoediate iacsrease in ahaoz'baaoe ocoirred 
vhen aom(X,XO<iheDanthrcaine)niokeX(XX} 'mm pXaoad in soXiitioz» of hi  ^
acidity. ^8 coixXd not he done doe to idw f«»nation of the X,10-^ienan-
throXim ion heceeuie the diaaociation does not proceed that n^idly. 
Beitlier couXd it he due to the fcnrntion of an unatahXe apeciea aucdi aa 
B*  ^or AS***since eatiaated v«JAiea of e* m& c* are too Xarge to alXow 
their r«^id foraation. It has heen suggested (6, 29) that cme  ^the 
reasons fco* the usosuaX staihiXiV of tl:» X;XO-]^nanthroXine conpXiaces is 
tl»» foraation of a doiiObXe hond between the aetaX ion asA XAO-phenanthro-
Xim. Ilhis 'vmlA resuXt in the diatrihution of a negative charge on tJ:  ^
X.XOoj^nantibroXine aoXecuXe. It vouXd then he eonceivahXe that in hii^bXy 
acid solutions a pm-ton is associated vith the X^^XO-i^itenazKtiiroXine p(^> 
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in soXutions fl^x»ve 0.^  aoXar perchloric acid. 
Sevex«X pec^Xe (Sg  ^ have suggested a stable prottxoated X,XO-
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fSNii «h« 90^  «lMMi l^ t ii tftro §!«•• 1^  « irftiM «C I.7 x 2i@ i^i^ *^ . tiaa« iOIT «» 
«% tliis fteiii^  1^  it t«8 X tlm atliixMiL thai 
MH»sil yM«tl«ai la wask 9fSmme Ite Hi* £Ueft is aot aoofot* Ste mmUo 
 ^am of ecfliM«^  xwv«r«4ld« f*MMi* 
tioiHi nitb yrler ifiiiiintt* 9Ul* i^ iiMi eaaaat %• n^witeA ifitb asltw* 
iwitiiml slwtidlettF 1 1ff^ --Tiittwaiillrir«*'**^  ^ la wrMMait ia taufmrn 
«RMMi aa& «nm ttibm Mgr aist bt iPWM i^niaaa if la 3j8^ * VnrltenMapa^  
M IMAITLOMNL AWTIUUHR# ITE !^.4|I^^T»HP4«MIIII ^ HL§ ILMMGCLGI'* 
attM ia Ite al>tvi!yl9tot aa& iSuti i^ liAili.'l^  of ISha 3l#l©'4lN«M8rt6terdl4aa 
ywp«ht«tw>^  iritea lAw visltils yipfy#n# tiui eonmaiais^  iimm odf 
ixk 
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FIGURE 45, REACTION NO. 32 
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ft imtm «KMW of im tkaiim. 
Wm iilft «ii%ciatA vtiag W^eui»im C^l «M umA M m aipMiM* 
Mm fir kyf • IIMI inliii (AHMOA IM tetMi t X Mril i K 10^llU* .^ 
StMUjBr telft fm •«& 5*4idlw«»l«ld-^NMiMii« 
ttotfULMi iiiiiflidi iStniit It- - mA k.^  mulMMi mm IJI MnMHijiiiki^tv tk* 
iiMi i*y1 tt%1-fitlify I BuMi iluy^pi if titai MMAiiykilii <fliawpw*t*r of 
IdM l^lJ&^f^MMMEtlMttlSJM ltt'te<^(lfllB tfMM M% ^jpiil' ti i^fiMS KiM XWfei if 
fWtMlKlMI if ^  M»*iil^9il«t Mqr MHM «HMI 1fi«l tlM MMMl*it»fiUM» 
« AUFF 64MIPIIIMBM 
SSKmwBSSISW 
5BW JTMMI WT IPCtfVHMSWI wWf/tjf MT *00 XjiJLB^yMMMMMyPwbMJMI yilt fflWUL% K Jr 
ffffliyify MM Im tPMI^MA is SlM MMi MMMMP ift ¥t#(ljjTff-ifilMHWl!flltTrTt|fWt) 
»tiiatii.|Il| iimfiiMi* wtias iiM 'iipii'iaiaMmiiiM t 
Mij • f»!i*'l • IfimiJ^i • 5I»II|J*'3 {3TI 
• tmm^l • LIMIJ*'!, 1383 
«•& aigyietJ^iHI ISIM Ttmmm IWMUMI It IMI IM ITHMM LIU^ T 
-Jum 
ILIA^ '** 3KL|} XIA '*' {XMIA 3 
te-
X — 3  m Vlfe MM JRBLM •* 8K»M 
-IF —F 
ilM 9«li •«II4  ^fnr Wrnmorn S% iHiaii it pfiWiiiiA is fiiM« 39 MA 
iM» «ilMa«ii* Milag liMt^Mi f39} Mii tiM falliwlag ampfWMiMi fir 
tiM iiMii^ViifeiiM if «IM «RL»(L*10'4kMM»TT»raiUii)iielNl(ZX}I 
OH««a SRiKS ccisise; Kfts*. 
•  • %  ' • •  • • « •  • • < • •  . • « « « •  • * • « «  * « « • «  RIOO«4 JNI\ \OE-«© EOEOM^G 
sssa^ 111! III! I9IIS nm 
O O O O O  o o o o o  o o o o o  
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•  • « ' • ' •  - * • - • . •  • • • • •  • • • j ? j f  O O O O O  o o o o  o o o o  o o o o o  o o o o o  o o o o o  
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m$^ mfOUJMFXWm PBWWJEW 
Wmt •^piiJLIlMPiVM Mi tjlf ff,il^ 1i ^  ttMlitaillW W6t9 MtiMRtiUillMNI fWT 1dl> 
IIIULLAIII mAtm ^  1»K(X,M #»•••«« 
Imjlll mlfil (TT) I ril'H'l^  FTWI I3MM>%MMMI AHLMI MI MibKftiUHli UMA IMNPi WFC 
«Miii,tltM i* 9S^* 
WW Mm $ HW idNMH'iMMMi SMHWIlWMniAMI HtSW Mitft Willi MIMHMI Htctiwlf XX ^  
^4» 
-!• mmem LI» LAIGNWI «F MS(L,2SI8LWWEILI»ELLIW)IIA6L(II>, •• IMT 
 ^ £I»L {L»**L 
^..«. ^aggufmrni * 
LIIIII*^! * |)II| 
•wfc " %lli 
IMHLIFC ITFI 1^1 MIMMIIB G# K. IMUIDJMYI WIA LIKII IBCKFT MMIA AHP IDUI 
-• •— '• 
4L  ^ ]RL WMBI X|R3I0*'J||HMHMFLWBS I^M ^*4BMHLLQF3U'*2IJ|MR''*3|LMHNNM 
. fte t(pi lillwitMi MMHMMI wtB fltiwiiiflw* Mijr fte IdMi loMNlMHtllniitoiA 
t8NLB(!i#26'4NlWlWrtB8P83hl*B|Wlfllw5Li(X3l^  IMm&liil» AiMMM'lMMil MMMMMrtH 
NNM WAI FST NIPTF LIILFFTWIII VI-LULI MSMKIiMMI ITMRTWLNIIITIT M WMHMI MF I,Id* 
IPLMTTMLLFTLUNTIYIJMI LIFT SLLLSI&FXE} I# ITELL ITTML I^ MIILLT'L^MMII IX X^PML^UMMI |^ $| 
IMI { I^ VKW IHUA TTML IDHI WLFLWLSLTIHIII I# 1  ^YFTLHKULDA* 
IT, - IKH^ I^ • TMTI,**} ML 
FK, « IKKH^**) • »!•»/*) • CM*L WL 
inMVt 11 $M MMMOMMI HMIw Im I iWl liBill | mi l»gtlll W<* 
m 
9iMm GmitiEai* far liw 
ji 11 '^]) l^WMil1rttlT'(t11 Ml )i1 fliiil «ff 
ft. «f kJX % 
* 1®""  ^ l,9l X lo"* 0,088 510 i j i ix io*^ 
Q,m %T6 n XQ'^  l^ Sl xl0"* 0.1fji| $10 t«18 X 10"  ^
5.7  ^n 1.S1 X 0.175 1.55 X lO*  ^
@.217 6m n IST^  0^6 X 0.137 m t,ii^  X 
6.1^0 JL.3U5 X MT^  1*5> X 0.150 «n.5 f.^  X 10*  ^
n 1.99 X 10'^  0*8«  ^ «77.5 Kk/^  X 10"  ^
um n 1.55 X 20*^  0*ii@ «77.5 %.38 X 10"® 
1.36 n J.05 X IS"  ^ 0,a@8 177.5 1.0  ^X 10*® 
i,m * 3®*  ^ 5.09 X 10"  ^ 0.110 •77.5 1^5 X 10'® 
km* • M X 10  ^
llMVi!r*^HMIGra^#Jw4WMHMHiRPlMJUM wtHK0mM. 
3*m X10"  ^ 1.5? X 10"  ^ 0.2J  ^ 110 1.18 X 10*® 
o*i@a 
%m n 1®"  ^
5.^  X le"  ^
1.51 X 10*' 
1.53 X 10"  ^
0«3J  ^
0.1  ^
iHyo 
510 
i.57xl0"® 
l.|6 X 10"  ^
Am. tt 1.5 X 10*® 
WMWtf? iilliTil 1 jIO l i i t i i i l i t in i l  t i l lHi  MlWlt  fTTl  I f f iMrt .  iMM 
Q,m tit*m X10*  ^ 1.15 X 10"^  0.i96 «90 
jk 
1.7 X ysT 
-;5r > W, C'^51 
115^1 tri CK»^3 
<K  ^- F»I^ 3)(II^  . FFLTT, • IMIIIF 33 
|I^ 3 CMN I^ 
*wk 'S * * HmJ ^  * V  ^
3 * -  •  
{^3 
M3 
•WII ^  'MIIJJ - «J MI6U 
SIdiliii %X JKNtfMMte tdM ItaKlit MA <*l<#iliefclflgie fte tiM laiitl tin tiia 
iMttn^Mik. X_» Ste *** '^^  •liim iitl >Hni mIiimi oMd Itap aalMilA-wmm mm^mg' wmu m «•« •W OUWM* 
%IIHI WKM ^MMUJMA FINS 
LA NJNILIIRIT TI'TUFTIWI MI AMWIINMI IB IDMI JVIIFLWHI MMTLMU FKIT FTTILMR* 
ISK MTIYWM WNNK VMA FLUP IIIMNM *T  ^F^1FL(I^ **'*FF I 
•him. • 2*to X X ,^ §aA «w«|. • 5»99 a M of tim JKURBJ  ^
cidjWtiUittMW IUHNI la SiAilM  ^laA tiywit tiuA my iwJLX <dMa0Mi la 
'IFETT IIINNNHNMMMI VALAIMI MA ||Y*WI%LIY WTINISS LIW VASIIMNI TILMI C(|IIILITOIIM 
OMURTWI^ * IFTWYIMMI LLLMHNMI^  LA %9M ILMIMLMMMI MWWSMMHILHI MW MMMMSILL 
Sw * '^**1 ($t IdM fwlidilw la tAMi mPywHi of itet •^ptiLHIwPlsui MMi%iBirt(« 
Am £. viliiMi 1 10 nlmMMtliTitl I ai ere ijt amwlMrta aBNMMMKfe «»• wmmmm •«. •»« *»
vl'tti tiMMMi olrtMlatA tr«a lAa ai»im'i«w» «t klattla yafi. 
T • 1  ^• .JISJSISL? • ,2.5 * ISL  ^, 
* HJ  ^ 1»0 SC IO*  ^
WMl at IAGR givaa aelftllgr utMHra ttt* h i^aet^tm l«a <igaaitao» IHMI IMMHI 
MNunsiNiA« IL 9 !-••*•>•. s 
LIFTJIBL-FF SPIIJULTOIMI OMHHMMIII TW %IMI 
(L J TTT LITIWMIMTIHFFFLIL TUI)IL FLLNIIL (TT) FTNM1I¥ 
«! isnMm 
ot} », VI 1  ^
n f •78 X 10*5 f.8g X o.*» •^.6© X 10*® 
im n f .78 X 10*5 7.65x10"^ 0.597 1*07 X 10*^  
i.<a X 10*5 ?.t8 X 10"5 1.15X10*5 0^ 1»7 a.te X10*® 
um X 10*5 9.7® X 1i6*5 1.55 X 10*5 O»5i0 €M X 10*® 
i.tf X 18, a X 10*5 1»55 X 10*5 0«Mtt a.ii X10^  
%.m X 10*5 li»ll X i®*5 a.|0 X 10*5 0.956 0.71 X 10*® 
l.t6 X 10*5 12.tl X 10*5 5.06 X10"5 0.i77 1.S7 X 10*® 
1,^  X 10*5 ia»m X 10*5 5*^  X 10*5 O»i07 8.ai X10*^  
n 10*5 18.11 X 10*5 %»5i X 10*5 0.17f 3.38 X 10-® 
MM. • t.8« X IS-" 
iM 
IT^^L • 0.JS@I T « , • ta n IO"® 
 ^ J..B X yr 
9LUI CI LAA XI. VI^ LNTLL' WMT varngtlaiiiSsr eSiMUt "ITT HUMM TULIF MKBUATTTD £!«* 
IH»I^ TTL.««L. I^ CFLT«L« AAMMI C5K 
*V,. ( JLJSJL ,(LiilA) , tMl 
• it ^  mwftwr af Uimii ••» 1 !• «fct ««i«l. Mato of Mtaa$« 
BEHWLLIS. 
*• **•*> !  ^, } o4 ^  " 5 aid Wwftm - 9, 
*L % \ 
ligr "UMI wRPtefc., Sto inliiiia innra •? « li -. 
IT MS <10 MLJTTILJKTE IE> ALAO TER I^ IMI' UMI at IMUMMWSIW «BMPMCL«. 
mm^LiMm «I^  TETE £PWI TIM LULTTLLFFI**' VUSK •ITIUIF WIIHHPIIY IAM AIFLBAA* 
09P TLM 1AI**#8*ILJIE« SIFTCMI IDMI K. IUI& IL FIKLIIMI AM W9T SREELIIELY FAMW-W ««« ^*mmm mmm mm>, ^m»mmm mmw m»m »*W*, 
MUMHI *»F^-^1|-FL(;^ '^FFBF JTEGP 1  ^LUPG) MRTI IWDSAWFT* MSWHW? I^ MI WKLSMI 4HL%IJMKIML(& 
for 1  ^la tlMla fMlilMi «M iqp»RRlMl«2sr> 8 x Zt it ItePifmni 
POWITLDIS ILMI MFKIM  ^ 'TOTS TULW ^Vt TTH 1  ^ IL Y T 
X * , LYYR . 5 J X 
il^fk^ 1 
I^« A%.5 
|C man* for mt aoipltat i» m  ^«rti«ar IOMOI ^W* yrtviocMSy jm^ertsft 
Ca.M* A%i«i*i«i iMt <»t#uw(tiy e«9M to tte inrnwally ki# sfwiHii^  
12T 
of trie<iAO~]^*emacbhjroXia»)ijp<m(Jl){pK ~ 21.5) it i« no* teen tb&t 
nick»l(Il) fmm & stronger «»s>3jae in  ^l,10-iplwnaACInrolin«> than do«s 
troii{32). lb® wlttM reported for the •teajility of the other traaeition 
laetel lone vi'^  1,3X3 astoenaotorollae indleete a siidtt diff««8t ee^paaxiee 
than -tee ueoal crUest fear diiralfflat oetala^  idtidft 1» Ite < Fe < (to < HI < Cu 
> Sn Cl8). Cof^rCzZ) and cohBlt(XX) teth fam malm' eoigpl«>Gee t^ton 
13^CXI) and nKOEelClZ). fhe ircm and nickel eyataae are dietinct botiii 
in '^ ir sti&llitles and in their eloasish r«aetica». 
Ae ttom-j ht»-, and trle(l,10-phenaathroline)nickel(XI? reactiona 
hmm heen to Ise alou, ^ ratea of and dieeociation of 
the )»E}no(l,10-phenairtihrQline)nii^ l(ZZ) caaplm ean he eaqpreeeed Isgr an 
i^ d d!^pisai«ait eatpresaicax. Sfaua;, the ohaerved rate of fcamtion constant 
iftimro m, n, p, T asA s are constants far eadx ]^urti(»ilar l.lO-^ i^enaatisro-
line. «ith l.lO-j^naathroline the following valoes have heea detexminedj 
and ^  olMeryed rate of dissociatitm ccmstant Is: 
](• A IS 1.1, 
° r[^3 • s 
M « 0.00I>3 
n » 0.k35 X 10® 
£ 
p » 0.0I1.5I X 10 
4 -» 0.015 
r <• 0.lil^  X 10  ^
s « 0.060 X 10  ^
vtuBz  ^s. n  ^ and p are isaxmk maim aceorateljr than q, r and s. 
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Sbe ebov* kiotttio can \» dn i^nid "by aMumiiig ^  rvflyctlon 
to ccmsiMt ot a hy&eo^  ioa diq^endeat paU^b aoi. a fay4roe»& ion indtepratoafc 
path. 3tus» are two soMib2« aedbaoiiaii for the h^^gen ion dtpendicmt 
P«i&> isvolvisg zvaotioa between the 3?henantiiroliua ion aa& cdcdoel. 
ion ulth salNMNgpiaKt !<»• of the proton  ^ and the other involving aa acid 
eata29»e4 dU^JUuMoest of the »b<soeA meter aDl»caa« f  ^the ai<±el ioa* 
2he vmtmB of t<mmbiaa of the acmo>caapl«»« of euttetituted 1,10-
ll^ iemstharoltaes with iil<dG»l(n| are not very eeaeitiire to dbaagM in the 
zn l^eciidJUe d»raet«Hr of ^  ri»g sitrogene. par a fcortsd l^A dtiange 
la the value of aold dleeoeiaticai csoxtttast of the substituted 1,10-
j i^ematdbcFoliae, the i%te of foxnatloa «M»tast. dtaagm otO^r 
thareefoM. It igpiN i^ni tiiat the ratea of foxnaticm of the his- and tris-
ccayg^UKies b i^re eiMlarljr to aoao-eo^plKx. 
overall enydlihrim osmtaat hae beam ealcmla  ^ trie-
(X.10-}^ IIAATHROLIM)&I<^TOL(S)» PK *• Sk,2. 
m 
A. £vlroittttti«n 
FTE TGAA^L^) 1 ML TIM SJUDJLSDR S/LS*-LLD]NRFIDYLAK 
•GNTIIM IWMI INM» CTADIIML %GR « MOFLMR OF «OR]N««(L5, WH, 
%,% LUMI IMNW #6TOTO4SLII4 IWIMI 9^ FTTMIEKIOII 9t 1TI?LS(3L#X0'' 
enMHilar ISiivola. f^wtl t%i of isiKt rasid 
nMMtti«wi fe3Jijni«A Iqr « arti* 4ilMa«laiiait I'WMtimi ^MMwis tiMi M«C1,}jO» 
l^ '*ff""**t'hyfii11 iw}lyy) *"»* |^*** nrfl l#3i^ -5iwwMdSuFo3.!jUi>« ISMt rwnntliBin 
mtsf lm IBPITTITTT 
«»<V'r  ^i»(]^o) i^k**• ay) Ml 
**<VC  ^ 4 a^o C90l 
*3f 
^ •A^® JWLE* C5I3 
fligMVlG •VmOM ImUOWW \lf twin wM lfV» XWMni*<HI XttVOMLinHI wM 
FLEULEWLBS iM 42AQL63PMITT STLWRTWQEH <MF IDW ISKNIT 
AVdVwr^ g zr {jai 
It ti of iaicxiMt to mmUme tA ntuit $ola(t i» ftewHes of f^nnroia 
1db« «3««tera«ifit laranfitifltt givwi im HauKtimi {^} talBMi JOUMMI. fno 
wk^MhkUumi iBro ptitnitlit I 'Bw tmnuiittCMi im tliiatiraaiiiifi stanfttaoNi nqt 
E<TOTTR AIAIM'I"* '^8' VIIII TTE EMLTLTMI &t TTE TLIDUPFT 1 ITFF-IITJYMAYLLI'RFTLLIW 
IN^L(MELT3>9 IMI IM 
Mi^g inj*  ^ • in  ^iwfii  ^ • sa^o t553 
t AVrtV (AVA^W'I 
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JUMKIllMMIf SMWIMS tHidUUKUBi Is tlHi lAliMCNi dat tiiR tidjpA 
Ti^ rnrnmigmm mbi»m» to 1A« im(ZI) to jPt^ m Ml wwluMtii lelwtiiidUslw# 
vdL  ^m ««it«r «K%lt«3L. sMifignwtioa* Wm iai^ mnmAitiim ^mm fmem tte 
•tiail* l^ a«oi» W tlK« wSJtiM$ 9i tlM ixm Qiit It ilMini la 
[5"»1 ml IS5J. 
*» ===• C)Nifcj**)* • a^s , t5l»l 
(**«''AVWV) 
(fOk^ f IWkj** t»l 
{«?AVAfV) (4*A^»V) 
Imi 9«iNiiWLt to 41stl*ealA bitntwi tluwe im wmSmdmm 
igf mmmimi ^  AMMRLIIA IWIMM TOMHTNLTA I^ IE I^FIMNMATLURFAI^  
£f net r«t«Mi«i It m 41]rt«t wannmiflai «f Hw ttitiMr oaHidttl tngpte to 
1  ^Intt* ts%itii3L eongdSE# sSwtiLttwws idltli tiMi l#t©«ii^ hWMurt(lMPe3JUw 
r«ijUwwa* fit tiMi naiir M&jte«att> m Uk lipuitlmi C95L 'tite ridMi of it* 
»«tioa toiilA IM mK9§«ML to vwKar tic»lfitatiU|r mth Hm wtltoybiMe tiluar-
tutd*' Qif 1,11? •jliifmrtlii'otlin Chi tlMi flritiMMf luwftf (Kt iwtty 
«i%ittl, lJdMMiii«tei it fw*4 at i» l^ virtiliiwt (S^} tat t9$h iSm rm»» 
tl4M 2'lrist WtBf Wat %il fltify Stttlti-W to *»•*<•'—mh la 
«Amflt«r iaqfliaaii l,M«tiwMarttomMio,. A mKBmtiwom rmeU^m 
IWMHI C» IPTTTMWWIPM^NIW. JJ9'*3J8MHMI^ KTWIFF'WA WTS# TIPCKB^H# UL IMFIIT'ILLIWL<I^  XVOBI 
WMI WUMPM. €1  ^ JBBMWK MMIT OWL:IWHHP^WI JHPVVVWS'^  ^ IMMPMIR  ^ WHUMIWKMJBJ5 WMNMI 
it it %o ettgNMPO tlni IIMNBCXE)' MA ati3bti.(!l3l) tgrttow vitli 
to 1  ^«fl^ «t &i Igpivoita i<Mi m iStm iratetloa rato* 
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ISKi&aam oi til* vag l^dlty of xwte of funrotit fbsnsUcm  ^ id}M« 
lUn tsiiCMtt of l;XO~:] i^«w();ti2rollQ« vith nidesl^  liaint IbMm «tudi«d 
ia ttara i^^  tQl»it»ioiai. m iigrabpoeaa icm ic^ptnadytnt rvsetion 
ra1»B 81  ^iNi «a^et«a «ith ix  ^at vitli nioksl. la (XS^-d] ot 
lh» Itaifiwiag «9pK6ioaa oaa 1m weiintm vit^ fcMOist ig^ ojU r^lag tte 
BTtMmoi CO* lOMMKKie ctf aa otstM? ae^ ltal iet«xn»aiatt, 'taut id^ owiag tUm 
8t«!piiiie pro$gntm «hl(& tint iroa iQPtt«n ail#t aadisrso if a ig& 
d^adUmcw tiaiiar to om of tte xiickn  ^aarttoM mam cfttrntivv. 
Bsv it em te aeaa that if s»ia«aral wtohaaiam odf tbe foomatioa 
of fezTOia Ooea iaroXw «a oiit«r c^rbital <saa( i^Mt, i&i<  ^aXoH^ar iiad«r@o«a 
eiUictocai pairiag to foan& ^  fiaaX proa»<»tj, iSam all reaeticau pwosdiag 
t^ui latt sloir st«p woiiM 1M Mintioall^ '^ iai^ portfBat. E^tioa C^33 
tlMa iPcmM lie a«tuaUjr two atejM, tha latt <»» «• ia Sqpiitioa «o&-
the x«t«i ct aad wouM &3t be iaiportaiit. StMorefea ,^ tbt aatutaaoe 
of a lijrabro0U3k i^  di^ panlBat reaetioo rata noiild iadioalw tha abaaim of 
a aedtiaaiai em sfi.vm ia B<pati(sis C^3 •>»& 09*3* 
INat ncolEara luna staled tliat tfaa diaaooiatifm oS farroia is hjfdrogen 
ioa iaAifprnSiiit mA that hiyiaroiia i<m ooaoaotowtiiOB affaeta tha rata 
of foanalioa otB^jr tlsroo# tuff^triag aeticm vi^  1,10-phBaaii^ aroliaa. 
ot^ 
Myi)wk^ IEC^OJIBJ'^  • 
m 
1573 
t583 
m 
Wemrnt, tim wmk of (as) vitSi ^  mngr iisUor ix*ea(zZ)-Msyri-
Urn xoooUoK iailet^  « iiOUlM im Aqpiiisi vooouoft. 
t^tgaiitoA iitiiuudjsii faao iMMii diooiUMMA eerlHef ia OiniKol^ att vlltk tibm 
»iiiasil(lX)4>,li0<9limtBfelao31at voootiea. 2« it tiiwair a esiiiiaatioa of 
IMO I«Mt«i«aMl 
• Hw ^  t39l 
OAA 
miuwsr}^ • S(IKI«9R)  ^ ::;^: • A*  ^ 1^1 
fte 4iffiail.l!gr vilft m# gofoituea is timM Mm ^ itortoi r«lo eoaoloat 
^tMMiii e8*Sisas to Tii(ifon< vitlt tnmnoitiiif aslSl'ter. w—an 
it OCT loi^  MtiUI ftm ima/bmov f«r tlMi niMi 
irofioiit veafimm to aotieo a iqrilrosui ioa Aq^ «riteH| iwMtiioi vato tme Hkm 
§mmiM igwtMiu mui faiMias oiviriiwiitia. vcvk ioa3j( oif^  vittt lOm 
19P»^  that tiM ONnnot x«lo oGOMtaal lOr tlw lOMIlfHi «r fmroia i« 
WMiM0t 4T9 iJSm TMHH WJWL INUMMI 3?1JP69?ISFLFC LLTYT SSSOBULIMWI* JSM 
oaiii^ ltvMM  ^«nN«t io 4isoa»MriL l«tiar« 
BA BI9PIIRTUW*TO3L 
Wm >«lo «P fmmitioa of f«nrola UMI i03JUMn4 Qpootyofiio^ fMtrloaSajr 
at  ^iH aiA tiMl ia 10*^  «ft>.ay |)or«teljri« aolA i»i3»ti««. 1ft 0.5 
aolMr talf^ o aoML^  l»3Ltliofy aai otlwrt (d« S }^ «0f0 alOo to aao oaseoMi 
i-1ft.jBai^ awiilw'flti 4m A  iwiiMM 4iwiM>fTf V BQ •Khali tlui MKfeo of fiii ••Hiiii 
-S 
<»r fisraroia •mm 9mto mime oad oanQr to tmStmCMrn* tko rmeMM at X9 
•Har sortiOorie ooit ooaieoatetttioa aao oo IO«t» ioo to  ^ emmm-
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tnMem of mippet«MKt«A tiuKt 1« mt aat 9ot»ib]L« to 
QM ft lATit «i[»oiN( of oitfewr l,10»iitMOKl]Nr^ yUM or jUrawCzzK Sfais wa*B 
e«3.«ii2«»l^  of ItiM f«lo eosttaail mw AtfflttiXtt IBm v«lo  ^yoftoUos 
an iNi «aqpfiiHMA m tolUmm, niMUfo tito diMo«i«li<»I TMMIUM l« 
•aft It^ , IdM lAionod mio e^ uitisMl, i« iii plaot k^ . Ir dofiMtimi« 
k awr Iw ooii. Aiomirat "boS - is linHiiiniiifliiit of o^ LAiiar* 
' • lLtl***Jtlfcl' - 1L(;V till 
*t  ^  ^t« 1 
'  -  K,  (^  TIN,  -  ( IWKJ**NT»,  -  Hnut^n TFTI 
is i>6t l*lii®pftto tItiUi nagp*iwti,<Mi 1 t«l1 ig: to tiw foULowlag; 
•IOFTUMT 
OTi ° «»,. (», - w»,y 
U, , !!x , i , 
- iwm^i 5LIWII|^ R 
• 1^1 I I II.I • |65| 
mam mB •^prottfiOA ewnot 1»» mtrni^ mtm  ^utoA 1* oit«» 
to warnm tlw Tslao  ^ ostliwIsA %r 
ostiMiio of \ im :s9Mm» fern m wvm w«m gm vevriM^ A oiOy « wmil 
fmoum of  ^ <»'  ^y»oati«i iMf tmrnm. 
KO -  (^  —-—F mi 
9w ijPMtiCzll M^bdiiani wui wn'tra# aaA «ii»laise4 M deaorlbed 
EN 91101  ^ • Vbm L|2J&HL^TEWNDDU^  ^ VKMIL IOLNLIM mtA mt A.906 
}T TT* X,3Y0«FFE«»I«LLTT«MM> 9TREIA«VL« WLA IMA wuMm mm 
wSMi. mA Tmm0A 8$%, LI^ MI IDLUMIMNI «F IAM IRL^TIL TDS^UIOI «C 
U<Q»(XI} mm 4i3»(t«A to a^Oe I i^uutiiw cad ttMi film of 
lam- d£l«t« tflSjiilM vcr* SMS* to tiM l,a,a-i6w»i«tt^  ^ iiadxti«t, 
tl«y0tt|9ll9' a^MI «»& • scHrlt«itt tanMiiMteawA to m ofUeal e«31* ftoi 
AMS*®T £01!' '«N*F'*YP^F €KF TIMI IIP99I(Z2| TOLTRTTIF tuA LIM fw YIW 
STLS  ^ TWMO TIIPIAI FLIT TTE MMI I4JM* SW FLBSIF STWALW' 
ttXNi jriiiwtnit is Itiltlii Hff tflA ^9* flw 1  ^'mixui lA  ^WMI ' esliw* 
.3MM4 ftpitlfatt {6$!. fijgttm ^7 ^  tl9i«il of IMI  ^«# UMIM mto 
•TAFTIW# ITIIRI IAMI JFTWREOIII LO •JPTIUTIIT INNMRTTIC» 
tiwi* sBiriLlitiMi Mt tiMi ]^ Loit to ifffifi' earls^  ms-tiw to 
tlMI" ISttSsl, 'f i^f 663j<Hr of tho WOSSlitibOB M" 
tn  ^Ml. to titi <ii!i>i'fiiiiwiti1tiffiit oC Kgaetlo* t^}*. - f*** 
tlw sa®apol#i<9i into '^ Mi Mofo oiNhMp :doM' sot: 
lu. ii fdtoHNM wi 
flUa*'^  w <MM«f3Undi of tHlt Aoeeritiis to Smtm (1.7), 
tihi- <Kf. t<peati(lXi to l4Ntii(Z33E)i #yiriiKg Idiii I'oootiisi leuM 1m 
||§]|L,T ^ ,HL:/LI . 
0. aiooMMiioo 
io olMiowi tlut% taM «lNM  ^ 0t 
TMMIIM 4OMI ioemoo VLIAT aoeimi^  oolAitg .^ Sbt v»lflo glimi la 
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WiSBSiM IA* IY>FFLTF)(|PLIF»LNILIU 11 SIIMT' 
«aA iMMxIiMi «r iMHeUiM  ^
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s«3yi 0»GI% 
0.<ll$5 T.«5 
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|#1 • 
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m  f M n l P  
m 
m M M K U " ^  
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FIGURE 47, REACTION NO. 35 
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/^CHLORO 
— FROM DATA OF 
X^NITRO 
BRANDT AND GULLSTROM 
1 1 1 1 1 1 1 i 1 1 1 1 
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FIGURE 48, SUBSTITUENT EFFECT ON THE FORMATION RATE 
CONSTANT OF THE IRON(II) TRISPHENANTHROLINE COMPLEXES 
Dm 
MII m WMTWINT «F rnrn^tsm, MA 
1^ , fme mA «f tl» inMIIniImA x^ lig^ gHmiitlirtl,!, m»» fhwMi 
«S9 w9mjg9l WW VWB jPIRMPVhmI^  tWBWK/ WR  ^
A» mm» «f ilWitiinA »il« «ti»MM «« a.,l0«yiMHinmMWiaim «• 
!$-ii^ W-l,INslwis»ttBwauae «•» %i ili«llfi«4 im iMmt •f 
If.... indbiiii %Sf iMWiiiJUi Irliali ttt laiAMMMi iMi- lyMMMytawHi liM i la-
te lMi aMoeSar ati dIUMHi IM ttMUii^ iiiii 1661* 
l i i t a L . .  ^ ,  V w  t « ,  
£i metm t* ii««HU» ^  MMwt Mii** lt|f||||^   ^fulmii 
MF S. MA X... FLNP TGTRTI «DF IUTO JL.LJO<4IMMNMTAEVLJ^  ^NIHI TMMNLTTL MMA IMI 
••l^ bMiM* iii Migr ^  jiifimii  ^  ^ 5>^«v«-4>,2jd« 
yiii^ wwMiy^t ^ iffi imj, iiiHi iftttCZI^* iwldMHl wpt 
0mm iM LYWUM C^JI 
Mir «• im -^- • 
XT ^  AifSiamiiewi !» iteKMgiii «r ^  
GL4«MI mA %;m^ 0mm0mimm mmlim9 mm HM m mm IW IFLMI «»•»-» 
Um* mA tei» mwiltiwiii ^fcta 
l<3e5sei. {^ ,^».W [«I  
XkX 
k ciiii^ piirli ttw Mil iNi wmitM to IAMI i^ piliibifiw MMrtMtKlw tiui 
im «ii. l^ tr^pn 
irltk »l(2X)i - U , C^J 
%(FK) 
. himA) 
nA inm Wt S— • ikA CTO] 
him 
A12. ef HMMM titljiclMMi iwMimOm IAMEI tiMi rwkitt iMlMd is ef Hw exte 
St 0t MigMtlMlill OC 3yO « tt IMS iM tiUI Mt## IdMM i% Mi Ihi MM fSMil 
tqpKkieM C^] «kcl liHi ficwlieii eeiMrlHwl^  is wmmXy the SM» for 
as feap liM-f i^WMHdSHreiiiss* Xt ttsneera 
tlHKl the fig|3ii «r 1(||, is set -mif s«Miti«e te liiMHigts taw MM3Lee-
j^hiUe fltosster (MP Vm rum sitresMS. Xs lAls vaiveet laui iM«(xZ} 
SS& {^? (H^WTIHI SVE SISDSY* 
Ae pressAin ftnis mtm ewiivsAielarjr i^ tk si^ prA te iistlsaBlsli* 
i«S the %9e iWiluMisK siwste* ia BiRstie» 0|| 1  ^i^ t is Ifi«liess 
{^1 sad (|!9|. HM luNbrefMi i<Hi iigwMrileiwHi seisBS te iOUidJMte ttt* 3jidKt«r 
aeeliiia,SM| iftiJI« the wMAtasst efNst setM te s«Mpevt tkis stselnsiaM. 
m Hiiwmeiisie ef the ttye, ess %e legieslJjr ysgeseA imisg 
idM stipfise fi«ssti«s «€ «hs X,>4>*iflto«saliMW>iAse iMwii* Wamnmt, 
1 AS-LIMMSAILLREAIISI eitrofM tmiSA IMI wqppeMt te isss • stvesfsr IMNSI Im 
siiQli es istsKssAiste tkss the g««itre ,^lig-jl»esssthfell se sitare i^s. Misee 
§eBt to vesttis eeestiat, Umi eetiirwtiiw MMTCT taefea^wA ia tlM tnaei-
tiea ef tltis lalHtteellsle te flnm»is snst IMI IMM $HiilBpe-liay9--9lMa«a« 
muia itor t jtff -iilHifsssllifftltse ssisii esaseivtUe esl^  frost 
LITT FEIST iii«s tlmt isSlde ISMFT F«nsRl;UA WMOA Imi easier TFLHI ^HiKltre-l; 
l^ '~$hMHuirt!lsraCyusi vitk 3L>10 phMsalte'itiLias* 
N 
I 
m 
A. |IIIIP9AIMU«I 
WUh mMMVlllMI iMtWSM VMMffttsni^Wl wmmmtm mA 
yr'^ ciHiii ypttttswAs iA 9 iiMilWfidiiA' iNrtw iM n^4 soititidMiis* 3Di IdM 
mimlitWB iB i^ Unt to •ULMT IdM MasiaMlimi isf teww aiiiiriiiirtf'B 
«€ imm m tKwoiii f»m WMlta t^ xllMM Ci9)* muk iMftii iiltiMa.Cxz) 
•aA fi«i<1i«i(Xf) liMi 
LII^ ^LII'' I^ LAI L8RTII'-L#3S«$IWMWITI6BNTILSSII OWIISM IF IDTAI I^ UHR 
•"«#. 
itiMwNfcUNi to ttovwdiiSS^Mi 4Mt I'mrttm mrtMUi to •isctewts 
steroelimi iflMmiU iMi iMiAlm i» ito xaMUmt vidlMHr 
iduEB sliBsgltii# X% iM yT<tii%l:ff' to iPii%lfiiwtltw tow iNKMiilniii^ ^) 
tMiamier to tmdMi*! *w|iliwwrt* if to* ito i» e««il4bn«A 
to iMmi tt iwidil* %iMI tototttt to* towilliM inft «>91mi* Iwemr, to* *«ly 
M««U*fi lowim i* vifli l,l0«fiMmaeila«Sla». 
I* to* f*(l2jiiiiaf waek it i* tSmm toa* to* 
MwhitoaAltoilfl *M1^UM! i* to* unfliiaitBBal ewitt** agMNWifc la aaiA 
IBw ratoi ef t*a*U«a «f 1,10-^hmatoitaia*, ^Haatogil-S l^O-
9'**KLK1B9RFLK"'3L S'L^® "KIL^K  ^ VLBBBSJLHM^JEY  ^ ILTTWI 
•**my*A ia O.S aalav 9ia*tol.« i^e aait MCyaUoa. <toii mtoB  ^aim aoai^ B** 
to viaiaaar atoaitti mto attit^CXX) aiii imCXi). Ml* iato «r» 
4««ili^  lauMogk tot oacpMrwIlm of i. %*toMrf (XO) aai aaM «il|r 
AAAAAVIAAA LMMF*« 
B« BIFLWKLAWBTOL 
Sb  ^to* iil.towl*i2*% iHi. vlslltiUi fadioa* av* rntittm* for toa 
4KF HM RLPBNI %9 
iSm mtfiMiiltit ^ mmeaiUm liMim if i.»10 yiwuiiiilirtltM mtii Ytxyiag 
iMBHldHi IMMitflllilC^} iit 0*63. Wt&Mt JIWII fflrtiir 1 i (WKtd* illNWMMnM 
wnrtiw 'lilHiii ill SiO writ ifUliiii VMNI ^^WMI IMI iwiiliilii IIM iNiiti,* liMAMlMi Imi 
atlil. iiB i» ilM miifwii'if mwmr t 'iiwtltiii fwricliiiii ii$}* tti Mi 
FTMT IBTTMT ISSTEL HMI -AMIIIHMIIIIIA 4<K AWMYI KK mmM UM Wltusntim *16 vhmini jplmp^np ww jpcwrmhwipii -ftflu wwpipp wmil» 4ihri jr«lqpwv^mp wml ^jfc» 
9m xiiii •# liKSKlSMi if «iii «wCl#l6-*lmii«hi«Mi»)fimil»i(ir) 
oiHBijiSGMi wif el#ils4 Itt attOMM muMAlioiliy) ttfl&iM. ttMSiiMiii Ifi. 
'^f WMI 39 SSFw y99RMwMN» VSIkVI •VSMmMH^ aW f MHt 7** 
ttlprl I.Tfl jliinitliinltnil mA 5<4Kl'kN><^^ l^j(HliiMMni^  ^ yiigpiaiiiwriliy* 
Hkmm iidft ii* ittitUti is fifclii 1 ,^ 1$, mA It aai i« !%#»• ?t« 
«Un |4>*| Wm wMMft ZIV IWI 4iyMMMEI%HI 9k VMiil nnHM w sl>9MBi*MI| 
»i,tWi^ llllil CTIJ UobCI 
IT % m II'I'I".'SI^ PIIIIIL*> SJI§ I^ """ 'I",'I".""' mi 
10mm MHiHPiviMiiaii lumt meimt wmm^ am wm mmmmA tmp tiM iaaMMX 
FJINTLIM wfurneimM* 9m ttbrnrnvtA tSMmtflmmm* A. . MUI IANNHRIWI tmt 
LINTIILMHHII AMI 1NI C# II TIWIII 
CFWK^L« (731 
gyqy  ^it idm m»amar iiwwyttttiar «iA 1 it 1** y«lk ItagHu liiiag 
IfitMMii {Hi «aA (t9l i«i i « *faii'  ^ it «•» %• ihMji ttwli 
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FIGURE 49, ABSORPTION SPECTRA OF P H E N A N T H R O L I N E  W I T H  
V A N A D I U M  ( I V )  F O R  J O B ' S  P L O T  
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FIGURE 50, CONTINUOUS VARIATIONS FOR PHENANTHROUNE AND VANADIUM (IV) 
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FIGURE 51, CONTINUOUS VARIATIONS 
FOR PHENANTHROLINE AND VANADIUM (IV) 
25tO 
20.0 
15.0 
Kq =3.9X10^ min-' 
Kq = 3.1x lO^min. ' 
100 — 
NOGCX'O) 
KqS 1.6x10^ min"' 
APPROXIMATELY 0.3 M [H •] 
3 4 5 6 
T I M E  ,  M I N U T E S  
FIGURE 52, RATES OF FORMATION OF VANADIUM (IV) WITH THE PHENANTHROLINES 
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 ^ in a •fSMOWtidA prooett lMift»r<i fto o«tor ioiui bagla 
ifoanHiag dMlftte*. TsdB i« ftOCte^pUilMkd 1  ^«ut «)elx«etlo» &t ttaevQlm p«r-
l^iXiEKratit » altxolMiuseM sluts*. 1Be» Ixoa em 4tt«niiia«d 
•pedbir€ t^OM[»trieftIl7 m ftaer&im im tte AilSFt^ wwunMi. Im  tM» tmmat, 
of ixm em 1M fktw , v»M&li8i(l7) 
aa& m& m«3jr»id tim xmml msmtmsy of a 
WRTBED. ITE PVOOODART tm IOMMMI MAL^WW IS ZI^ PERTSD 
NU'GTTNAI M& HS-WIES (S )^* 
tiMt r«te of f«rTOi» is SKMlt Iws tluui 
rt^ tm of rmetios of I^ lO-i^ saaikroliat vltisi mA vmsditmCXV), 
tte 3At%«r iwtHMi «r« not asg^LlgillX*. If l&m mLvatmXiH) or TsmAlmCZV} 
OdsMSWRtamtims %mcmm too M# tiM iyoa(IZ) is m X'&atgue fam6itstiir«2jr 
rmovwl* It is possil3l« to isiKrovo &m tdutss s^ pssntioas vltb Vut 
ieemlMim giKLattA em«t«raiag tiM salMititiMtait offset is l,10-$iMmsa*TEO3LL*8 
E^TSLDSTS KIJMTIOS* 
offset of imlMrtitusscts cm tlui l,XO*ghs*sstliyoliss <^X»tiOA 
rsis Ae^^ mds t^ oa ths soiditr lEisfwiiss of tlus fmnuitioa of tks 1,X0-
l^ wasx^ l^ oliiai ioa. If r^, Is^ sad. sars tte vslooitiss of 
f^ nsKtioa sa& olwsrvsd rats eoastosts tar forroia sM aoao(Xj,XO-
]l^ «m^aroXia*)aiolwl(lZ), rs^ psetivsJ^ r, tlMtti 
(751 
fits iaitisi Tsloeitiss oa aixiag azv} 
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• III uaiwr tbmie 1% em tlM« !>• 
for QOMtut viOxiM of KL  ^ »aA wtm fli Mgr 1m l,10-]^toMSfelu:«-
liMi, 5HMtbyl-lAO-]l^»«ii«kroll»0 or 5-«itro-lA0-iNtoMH«la<oliw vitii 
tlu» eerx^^pcHiiiag vsloot, 
*•- K- 2 
A (TITT ' F"' 
Belov pS  ^  ^imm vUdda tto pwrftiiihinwn i» Bqptftti^R C77} 1)»eaHMS 
K^/CS'*'! an& mhem pB 6 it 'boeoaiHi 1. Wmp^9x», tltmv pB 6 tlMi m^io 
of rMotioa -rolooitle* Aqpoate cnJLjr m tte zmtio of IAM e^wnrvod mto 
ooattuit, Belsir jiB k, tto r»6to of yvsetiliM v»loeitl«« •% mvy givoft 
«ei41V oa tl» ffoar* of l^ut lusid dlMoeiatiOtt eomttott M wtU 
M «ti t&» x»to e&mUmlm, 2lw wlodtio# of foxnatifin  ^tb* lroa(21) 
«a& isd^BeldX) ocwjpliaww  ^l^lO-iaMHiaBttarelixui wad 5*iiitro-l;10-
SluNBwartiBpoliBe am Iw ooaq^an  ^ ia ftrong Mid. t3M raloM of 
Ic  ^ «9d faap l,10-3piwa*Mailor«15jB® •• 1.3 X 1.9 X lO^wLa'^  
aaft 1.1 X 10" ,^ ro^poetlvtljr, ond fear 5>altTO>lAO^Sb4mKa«iu?olli)e, 5*0 x 
10  ^ain'^ , 3*B X l(P ata*  ^ sad 2.7 >« 10" ,^ MHqpootlvwIjr, it coo l» 
lAiewa tfasts 
^MRN 
•««5. (5-]aitro-l,10-ilM»B«aklaroliae) 
(L;10*SL»MQTTZRYUROLI]M) 
11 tm 
S«astl<m C^l WUM tlwt ia Mid tolutloat tto aitro dsrivati-vo neaU give 
ft iMtttw kiattie WipBmtimt of irra{n) «iidl aidteldZ)* Qofpito tiMi 
iKTSK- r«feo for lAO-SS«iiM«sfeli*®lla* •• oai9*r*& to 5^tro-l,10-
j^oaos^roliao wltk iroa(n), Urn rattUor v«lao b$m tbm omevUag 
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Zf tbm effect of liQfdroaain ion conceBtretion oa tiM amte of faraa-
ticm of fenola pr&mt to be tiviUr to tliat oteerved fear tfae vertoue 
1,10-flMaaatfaroUaee vlth aiemidz}, tlum Sfnatioa £78} trnM lie true 
for ftXl •<^tstlotui belov pS k, 
Xbom pH 6 ttoi ratio Vj^Am d«®eiidi oaly on tbe ratio 
tl)(d(«Qartai»  ^ «b« vaOue* of are i»t ksoim above ]pl 6 f<Hr tlw 
varioiit lAO>:^Ba«lbroUaea. imever  ^ if tiaese rates of reaeti  ^are 
aainsMd to be inn^pffirti^ua to tlw xwtMs ia atroag aeiA;, then 
ia largwf 1,10-pbeaaattoeliBe tbaa for 5-i^tre-I,10-pb«9tuxtliroXinB 
by a fwst«Mr of fifty. Hence, it tfeSftmrn tbat at hi# ji ,^ lAO-l^beaaa-
-^roXim or 5-ae1^1«I,10-ffa>nantteoliae iRyald give a better aepaxwtioa 
of tern aii^Gel(XX} iMa neeXd ^-ni^o-l^lO-pheiMuatbroliae. 
fbia ia tbe reverse of  ^effeot at bi# aeiOiV* 
Xt eaa be aeea frm l^pulctio& C?6] that, ia g»»ex«l.^  tbe Xmmt ^ 
aeidit  ^^  greatwr tbe r*tio  ^  ^i^bove 
disauHiioa  ^ tbe beat ai^paxmtioa of iroa(n) aa& nickel(n) wouM be vi'^  
5-^ti^l>X4ljO-|^ £uu9tkroliae aboire pE 6, Actually ^a bi# ia aot 
l^aetieal dsw to pz^o^itatioa aaft (acidatioa of iroa(ZI} aad to tbe 
i^traetiisat of a ai<ag»l(ZZ)aitrobea2eBe i^iNieiee (29). A« l«9g aa tbe aoXu-
tioa iKUit be b<i^M3ir ffi: 4 tbe beat aeiparaticm neoXA be acMeveA uaixig !?-
aitro<XAO«^aaffilbroXiBe ia a aolmtioa aa aettr to  ^ aa poaaibU. 
 ^avaa type of traataeat eaa be ^ppXied to tbe deteraiaatioa 
of iroa ia maadim. Za tbia caae if tbe vaaadimCX?) ratea eaa be ex« 
trapoXated to bi|^  pB vilxwa tbea 5>ai^-X,X0>pbenaalbroXiBe vooXa be 
aore auitabXe tbaa l,XO-pbeaaatbroXiBe beXow 3  ^ by a factor of l>5 MA 
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V22. AHD ec»C£t}82«aB 
memo-, Ms- and tri8(lAO~3?l)«iM»6ltzx>liae}ziiac»l(lI} reactiooa 
have been Bham to be sXov. fo a first iifprcactrntion fbrntatlon rate 
coastast of can be ea^ps^ sset as first 
csrtOer vitb respect to nldfeXCn) mA X,10-*iliem»(tlaK>Xine, tite letter 
bavi&g a prl<»> e i^XibriUB involving i'l»i oon^u^ate acid. Witb such m 
ea i^»ssi(m> iBdividuaX reaction rates foXXov a ymry gpod seccaad r^der 
3plot. mmwrnpf tto rate e^^ taixt, caXouXaisxid in IMs mamr varies 
eppx^ sxloately tenfold iril^  acid »tr«sgt& betmmn pg 0 and jS 3 i^ Xe not 
being aspreciabXy affected bgr ionic slonmgyi. Tbit observed rates can 
be ei^ r^essed in exact form intexpretifl® tte igmtea as a siauXtaneous 
reactism of l,XO-flm»B£i^ l^ Xi»B end of tjbe l^ lO-pheiMuatiarolim icm vi-t^  
nickelClZ) i^ ere taisteble intexnediates with a bgNlrogen ion efAiXibrim 
ere f<»r3M^ or iM t^vtm aay be iixtezp:«ted as a reaction be^feen X,3X}~ 
pbenmsteliroXiae *<1  ^ nlck<6l(ll) an 
acid t^flpSjniis to fma ^  prodoet. Tim prc^ posed reaeti<m asdhaniras aay 
be ifritt«a$ 
K.** *tb:^ k** 
Beacticm at 
WJn  ^ low aeidi  ^
e» 
aod 
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Toy utilising tb* sidDstltuwat effsot on USs m  «(||aili.>»rift ma& 
rat«t &£ rvsetiOB of tte vmrious si«oi«« lovol-vvd. !Qu» rate drtowLaiag 
•t4  ^vith iroii(ZZ) it prooodtd Ijgr two o^Xi'baria  ^ 'Mtb of irtiich «r« 
aH i^ctod ^  1,10-pbtoastiirollBe aubttitaestt. B»ae«, tbs ovvraUL r«t« 
constant ^baagat »»>a vith auibati^ MHata than it the eaaa vith the oono-
(l,10-iNb»naiitoroliaa) la aeiA toa t^tioa th« mta of fwrroia 
f^ mtioa it alto Aapaa&ant oa tin ci;^  of tb« aeid aqpdliWiui ewoatast, 
iMla »ano(XAOiPiMaaatl)Voliaa)nlekBl(ZI} or MonoClAO-phoaaa-
tlyroliBi»}'mKaaaii«i{ZV) ratwi oa to tbe fimt pownr ®Bly^ . Suwe 
facta poniit  ^taleetioa of ^<ae1dayl-lA0-ipl»aaatla«llBa at hi^  
aad -^ai1a -^l;10>;^ Baa<!hroliaa at loir pE at b«M«r clwlatfta than 1^0-
to aaopasrata iroa(Zl) fron ni^ l{lX) aad •vmaaOi.vmi'n), 
3!itt aavilitqr to vir^  the v«latl-ra rataa of fonaatioa aatal 
dtwlatas  ^cte^at ia tlia auolaQiithilie duometar of  ^ligaadt and ia 
tto aeiditar of tiia aoltttloa thould miea pottilila aauir additional waaljrtieal 
ai^paratioaa of awtal icow. 
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with aii^ KXX) 
rate eomtaat* invoXviiie the z^ aetlon of i3idSeX(Zl) vith ^  
1 JU>-3?iieimDtorolltia ion 
rate eoaatante isrolviag the acid eatalysed reaction of 
X XO-i^ ieiaanthrolim vith nickeX(XX} 
ej^ erifflBntaU  ^detopisted coastaaata in ^  ag?r«MMlio& of k 
m a fme^oa of CH I 
e3q i^as«(»tll9r 4teti|^ »ed (xmstax^ ts in tlw esQaresaicm of Is.* 
as a flmetion of (B ] 
wXoeity of foraation of trlstl,3X)-pheaaoEttooline)ircm(n) 
v«loei'^  of formtitm of ttCNB0(XAO-pheQs»tiliroliJM^^  
